Morphological identification of Artemisia herbs is very confusing due to similarities in the shapes of young leaves. This is particularly important in the early spring when Artemisia herbs are collected for use as medicinal ingredients. In addition, leaves of Artemisia herbs undergo extreme variations depending on plant part and developmental stage. Furthermore, Artemisia herbs are generally available in dried or sliced forms in the market. 9, 10) For these reasons, Artemisia herbs are likely to be traded under their medicinal names in the market and their names may be used incorrectly or without regard to efficacy for some diseases.
An efficient method for identifying Artemisia herbs is therefore required to solve these problems. Various molecular techniques detecting different genetic information have been employed for identification of plant species. Lee et al. 9, 10) developed the sequence characterized amplified region (SCAR) marker for discriminating 'Aeyup' and 'Haninjin' from other Artemisia herbs. However, more DNA markers are needed to develop Artemisia herbs industrially and to provide consumers with correct materials for medicinal purposes.
Among molecular marker techniques, a polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) is cost-effective and useful for detecting variation sites within PCR products. PCR-RFLP associated with chloroplast DNA (cpDNA) was applied to detect interspecific variations and to discriminate between cultivars in several plants, including soybean, 11) eggplant, 12) and millet. 13) Of several chloroplast regions, trnL-F non-coding region has been widely used for reconstructing phylogenies between closely related species and for identifying plant species. [14] [15] [16] In this study, we compared trnL-F region sequences from 21 Artemisia plants and performed PCR-RFLP for trnL-F region to identify Artemisia plants at the DNA level. (Table 1 ). The plant samples were frozen in liquid nitrogen and ground with a mortar and pestle to obtain fine powder. DNA was extracted using a DNeasy plant DNA extraction kit (Qiagen, Germany). The concentration and purity of DNA was then determined by comparing of the sample DNA with standard lambda DNA on 1% agarose gel. All DNA samples were adjusted to 5 ng/ml.
MATERIALS AND METHODS

Plant Materials and DNA Extraction
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The trnL-F region from cpDNA of Artemisia herbs were amplified using universal primers designed by Taberlet et al. 17) The 18) and aligned using Clustal X program. 19) Phylogenetic Analysis Phylogenetic analyses were conducted in MEGA 4 program. 20) Phylogeny was inferred using the Neighbor-Joining method 21) with the Kimura 2-parameter method. 22) Complete deletion option was used to eliminated all positions containing gaps and missing data from the dataset. The bootstrap consensus tree inferred from 1000 replicates is taken to represent the phylogeny of the taxa analyzed. 23) 
RESULTS AND DISCUSSION
We obtained PCR products of approximately 900 bp from 21 Artemisia species (Fig. 4A) . A schematic diagram of the amplified trnL-F region is described in Fig. 1 . The lengths of the amplified trnL-F regions were classified to three types (911 bp, 915 bp, 921 bp) by the sequence alignment, and pure Fig. 2 ). Three and two sites of base substitutions occurred in trnL intron and trnL 3Јexon, respectively. Twelve base substitution sites appeared in the trnL-F intergenic spacer (Fig. 2) . We analyzed phylogenetic relationships using the MEGA 4 program. From the phylogenetic tree based on the trnL-F region, three clades were generated (Fig. 3) This result suggested that A. absinthium, which is distributed in Korea, is only distantly related to Korean domestic Artemisia species. However, other species did not form a clade. Together, these results suggest that the trnL-F sequence variations have a relatively low mutation frequency and therefore are limited in their utility in evaluating phylogenic relationship of Artemisia species collected in Korea. 25) This may be because cpDNA has generally uniparental inheritance, which does not undergo genetic recombination. 26, 27) From the some SNPs in the trnL-F sequences (Fig. 2) , we found five types of banding patterns that could be caused by variations of Hinf I restriction sites using NEB cutter 2.0. 28) In order to confirm these restriction patterns, we conducted PCR-RFLP using Hinf I restriction enzyme recognizing 5Ј-G/ANTC-3Ј. As a result, we obtained the expected 5 types of banding pattern (Fig. 4B) . The differences in the banding patterns between types A and B was not due to the SNPs of Hinf I restriction sites. This differentiation was caused by InDel variation. The trnL-F region of Artemisia species that were classified to type A was 6 bp longer than those of type B because a fragment was inserted in the 250 to 255 bp region (Fig. 2, Table 3 ). Thus, a 69 bp band appeared in type A. Type C (the banding pattern of A. apiacea) was similar to type A. Its PCR product was 921 bp and also had 69 bp band. However, a 302 bp band was present instead of 114 bp and 188 bp bands in type A. The Hinf I restriction site to cut the 302 bp fragment into 114 bp and 188 bp fragments was ab- (Fig. 2, Table 3 ).
In the Artemisia species used in this study, the original PCR products of trnL-F region have slightly different sizes (from 911 to 921 bp) but detection of these differences on agarose gel was impossible because the resolution power of agarose gel is limited to relatively large bands of similar size. Actually, the PCR products of our 21 Artemisia species appeared to be the same size, about 900 bp ( Fig. 2A) , on agarose gel. We were able to discriminate between three species, A. apiacea, A. keiskeana and A. sieversiana, using PCR-RFLP with polyacrylamide gel analysis. However, the difference between the fragments we were able to discriminate was only 6 bp between types A and B and between types A and E.
In our results, specific banding patterns for A. apiacea, A. keiskeana and A. sieversiana can be used as a DNA marker for distinguishing them from other Korean Artemisia species. The primer sets used in this study were designed from the highly conserved trn gene regions, trnL 5Ј exon and trnF, flanking a non-coding region. Such primers allow robust PCR amplification over a wide taxonomic range. 17, 29) In addition, SNPs in the trnL-F region can be detected using restriction enzymes without sequencing.
A. apiacea, A. keiskeana and A. sieversiana have been used in traditional medicine to treat various diseases. A. apiacea ('Cheongho') has been used for dermatomycosis, jaundice, fever and alopecia, and has been reported to possess anti-oxidant activity. 30) A. keiskeana ('Amryeo') has been used for treatment of gynaecopathy, amenorrhea, bruising, and rheumatic disease. 31) Although A. sieversiana has not been used in traditional as medicines in Korea, it is used for reducing inflammation and relieving fever, treating blood disorders and curing arthritis in China, 32) and it has been reported to possess anti-oxidant activity. 33) Although the efficacy and bioactivity of herb resources important when using plants in traditional medicine, a more important problem is that the herbs are correctly identified initially. From this point of view, our PCR-RFLP marker using Hinf I restriction enzyme based on the trnL-F region will be useful for identifying herbs correctly, which will be important in developing new medicines or foods using Artemisia herb resources, particularly, A. apiacea, A. keiskeana and A. sieversiana, and in keeping the legitimate.
